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INTRODUCTION 
The Probl-em 
The c e n t r a l  C a l i f o r n i a  Dungeness c r a b ,  Cancer magis$er,  r e s o u r c e  h a s  
y i e l d e d  h a r v e s t a b l e  c r z b s  a t  d r a s t i c a l l y  low l e v e l s  f o r  1 5  s e a s o n s  i n  
comparison t o  t h e  l o n g - t e r n  average  of previ.ous s e a s o n s ,  w h i l e  t h e  
r e s o u r c e  o f f  n o r t h e r n  C a l i f o r n i a  h a s  f l u c t u a t e d  a t  r e l a t i v e l y  h i g h e r  
l e v e l s .  
. 
The O b j e c t i v e  
The o b i e c t i v e  of t h e  Crab Research P r c ~ r a m  i s ' t o  de te rmine  f a c t o r s  
c a u s i n g  t h e  d e c l i n e  and con t inued  low l e v e l s  of ~ a l t f o r n i a ' s  Dungeness 
c r a b  r e s o u r c e  and t o  make ~ . a n a g e > e n t  reccrnmendations t o  p r o t e c t  and 
-
i n c r e a s e  t h e  r e s o u r c e .  
T h i s  o b j e c t i v e  i s  i n  keep ing  w i t h  t h e  r e s e a r c h  p o l i c y  of t h e  Depar t -  
ment which d e f i n e s  r e s e a r c h  a s  "an a c t i v i t y  r h i c h  h a s  t h e  o b j e c t i v e  of 
r e s o l v i n g  i d e n t i f i e d  problems which a f f e c t  t h e  p r e s e r v a t i o n  and enhance- 
ment o f * f i s h  and w i l d l i f e  r e s o u r c e s  and t h e i r  u s e . "  A c r i t e r i o n  f o r  a  
Departrcental  r e s e a r c h  program i s  t o  "Determine t h e  r e a s o n s  why r e s o u r c e  
p r o d u c t i o n  i s  below expec ted  l e v e l s . "  
Background 
The d e c l i n e  of t h e  c r a b  r e s o u r c e  i n  c e n t r a l  C a l i f o r n i a  i s  of s e r i o u s  
concern  because  i t  i n d i c a t e s  a  long- term t r e n d  r a t h e r  t h a n  a  s h o r t - t e r m  
f l u c t u a t i o n .  The San F r a n c i s c o  a r e a  c r a b  l a n d i n g s  reached  a n  a l l - t i m e  
peak of 8 .9  m i l l i o n  pounds d u r i n g  t h e  1956-57 s e a s o n  and t h e n  d e c l i n e d  a t  
t h e  r a t e  o f  approx imate ly  2 m i l l i o n  pounds each  season  u n t i l  t h e  1961-62 
season  when on ly  710,350 pounds were l anded  ( F i g u r e  1 ) .  A s l i g h t  i n c r e a s e  
was s e e n  i n  l a n d i n g s  d u r i n g  t h e  1962-63 and 1963-64 s e a s o n s  when 1 . 3  and 
1 . 2  m i l l i o n  pounds were l anded  r e s p e c t i v e l y  and a g a i n  i n  1969-70 w i t h  a 
k:igh of 1 . 5  m i l l i o n  p o u n d s . '  However, t h e  long-term a v e r a g e  f o r  San 
F r a n c i s c o  c r a b  season  l a n d i n g s  had been 4 . 8  m i l l i o n  pounds from 1945-1960. 
The h a r v e s t  o f  succeed ing  s e a s c n s  h a s  been a t  low l e v e l s .  The 1972-73 
s e a s o n ' s  t a k e  was 291,551 pounds. The 1973-74 s e a s o n  h a r v e s t  was o n l y  
401,000 pounds,  and t h e  t o t a l  of 215,000 pounds f o r  1974-75 was t h e  
p o o r e s t  i n  t h e  h i s t o r y  of t h e  f i s h e r y .  Research c r u i s e  d a t a  do n o t  i n d i -  
c a t e  young c r a b s  on t h e  f i s h i n g  grounds i n  s u f f i c i e n t  abundance t o  g i v e  
hope f o r  a much b e t t e r  o u t l o o k  f o r  t h e  1975-76 s e a s o n .  
Landings of c r a b s  i n  n o r t h e r n  C a l i f o r n i a ,  which had averaged  9.2 
m i l l i o n  pounds p e r  season  from 1955-56 th rough  1969-70, plummeted i n  
r e c e n t  s e a s o n s  from a n  a l l - t i m e  h i g h  of o v e r  1 4  m i l l i o n  pounds i n  
1969-70, t o  7 .8  m i l l i o n  i n  1970-71, 2.5 m i l l i o n  i n  1971-72, 1 . 2  m i l l i o n  
i n  1972-73 and t o  a r e c o r d  low of 360,000 pounds i n  1973-74. During t h e  
1974-75 s e a s o n  about  1 .5  m i l l i o n  pounds w i l l  b e  l anded  i n d i c a t i n g  a 
tendency f o r  improvement. I n  a d d i t i o n ,  r e s e a r c h  c r u i s e s  have r e v e a l e d  a 
r e l a t i v e l y  s t r o n g  r e s e r v e  of r e c r u i t s  i n  t h e  p o p u l a t i o n  which shou ld  
s u p p o r t  c o n t i n u a t i o n  of t h e  i n c r e a s e  i n  l a n d i n g s  i n  t h e  1975-76 season .  
T h i s  i n d i c a t e s  a c r i t i c a l  d i f f e r e n c e  i n  c r a b  s u r v i v a l  between t h e  rela- 
t i v e l y  h e a l t h y  p o p u l a t i o n  of n o r t h e r n  C a l i - f o r n i a  and t h e  low y i e l d i n g  
r e s o u r c e  of t h e  San F r a n c i s c o  r e g i o n .  
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Relevancy of the Research t o  Management 
The need t o  understand t h e  causes  of t he  c a t a s t r o p h i c  c o n d i t i o n  of 
t h e  c e n t r a l  Ca l i fo rn i a  c r ab  f i s h e r y  i s  r e a l  i n  t.erms of t h e  economics 
c r u c i a l  t o  t h e  l i v e l i h o o d s  of t h e  f ishermen,  t h e  economic v a l u e s  t o  t h e  
S t a t e ,  and t h e  well-being of a  renewable b i o l o g i c a l  resource .  B i o l o g i s t s ,  
f ishermen,  d e a l e r s ,  r e t a i l e r s ,  and consumers a r e  concerned. , The Legis la -  
t u r e  became convinced of t h e  need f o r  inves t i .ga t ion  i n t o  t h e  causes f o r  
t h e  d e c l i n e  and i n  1974 by Senate  B i l l  1606 d i r e c t e d  the  Department t o  
conduct such an  i n v e s t i g a t i o n  and r e p o r t  i t s  f i n d i n g s ,  t oge the r  w i th  
recommendations f o r  l e g i s l a t i v e  and a d m i n i s t r a t i v e  a c t i o n s  necessary  t b  
p r o t e c t  and i n c r e a s e  the  abundance of c r a b s  i n  s t a t e  wa te r s ,  t o  t h e  
Governor and L e g i s l a t u r e  by September 1, 1979. 
The course  of a c t i o n  f o r  t h e  r e s e a r c h  of t h e  i n v e s t i g a t i o n  is  t o  
determine t h e  occurrence and d i s t r i b u t i o n  of c r i t i c a l  s t a g e s  of c r a b s  i n  
bays and nearshore  wa te r s ,  and t o  measure t h e  e f f e c t s  of p r e v a i l i n g  envi-  
ronmental f a c t o r s  on c rab  s u r v i v a l ,  p a r t i c u l a r l y  i n  popula t ions  of c e n t r a l  
C a l i f o r n i a .  This  i nc ludes  two major r e s e a r c h  e f f o r t s :  one i n  c r ab  
b io logy ,  t h e  o the r  i n  t h e  marine environment. The system t.o be  s t u d i e d  
c o n s i s t s  of t h e  s e t s  of i n t e r a c t i n g  b i o l o g i c a l  and environmental f a c t o r s ,  
i . e . ,  t h e  ecology. The f i n d i n g s  of t h e  program -!?ill be measurement of t h e  
f a c t o r s  and t h e  observable  and c a l c u l a b l e  r e s u l t s  of t h e  in . t e r ac t ions .  
Data of use i n  expla in ing  reasons  f o r  t h e  low l e v e l s  of c r ab  product ion  
w i l l  be  used i n  a r r i v i n g  a t  conclus ions  a1.J i n  developing management recom- 
mendations which become t h e  e rd  product .  
The n a t u r a l  and man-caused c o n d i t i o n s  i n  t h e  environment o f  c r a b s  
p r e s e n t  an  a r r a y  of f a c t o r s  a f f e c t i r l g  t h e  s u r v i v a l  of t h e  c r a S  r e s o u r c e  i n  
a l l  s t a g e s  of t h e  l i f e  h i s t o r y  o f  t h e  s p e c i e s .  Yanagernent p rocedures  
based on t h e  f i n d i n g s  of r e s e a r c h  can, i n  some i n s t a n c e s ,  be  a p p l i e d  t o  
improve e n v i r o n r ~ e n t a l  c o n d i t i o n s ,  and t o  p r o v i d e  u t i l i z a t i o n  of t h e  c r a b  
r e s o u r c e  a t  optimum l e v e l s  t o  p r o t e c t  t h e  r e s o u r c e  and e s t a b l i s h  economi- 
c a l l y  sound i n d u s t r y  p r a c t i c e s .  
PROGRAM DEVELOPP7Eb:MT 
Research Design . 
Hypotheses r e l a t i v e  t o  c a u s e s  o f  t h e  problem were  forniula ted and 
examined t o  d e t e r m i n e  which were  n o s t  p l a u s i b l e  and s u b j e c t  t o  r e s e a r c h  
by t h e  manpower and fund ing  a n t i c i p a t e d  through August 1979. The 
hypotheses  g e n e r a t e d  were:  
1. San F r a n c i s c o  Bay i s  a n  impor tan t  n u r s e r y  a r e a  f o r  young c r a b s ;  i t s  
r e c r u i t s  a r e  n e c e s s a r y  f o r  a  s u s t a i n e d  c e n t r a l  C a l i f o r n i a  f i s h e r y ,  
b u t  n a t u r a l  o r  man-caused c o n d i t i o n s  p r e v e n t  s u r v i v a l  o f  a d e q u a t e  
numbers of t h e  young c r a b s .  
2. Nearshore  ocean wate r  q u a l i t y  h a s  d e t e r i o r a t e d  due t o  man's a c t i v i t i e s  
t o  a  l e v e l  below t h a t  n e c e s s a r y  t o  s u p p o r t  c r a b s  through t h e  c r i t i c a l  
l a r v a l  and j u v e n i l e  s t a g e s .  
3. S a t i s f a c t o r y  r e c r u i t m e n t  l e v e l s  have been p r o h i b i t e d  by e f f e c t s  of 
n a t u r a l  oceanograph ic  c o n d i t i o n s  such  a s  t e m p e r a t u r e ,  s a l i n i t y ,  c u r -  
r e n t s ,  e t c . ,  on l a r v a e  and j u v e n i l e  c r a b s .  
4.  I n t e n s i v e  f i s h i n g  p r e s s u r e r o r  p o l l u t i o n  h a s  lowered t h e  p o p u l a t i o n  
below a  t h r e s h o l d  l e v e l  where n a t u r a l  r e p r o d u c t i o n  i s  n o t  s u f f i c i e n t  
t o  r e b u i l d  t h e  r e s o u r c e .  
5. P r e d a t i o n  and c a n n i b a l i s m  keep  t h e  c r a b  p o p u l a t i o n  a t  low l e v e l s .  
. Crab p r o d u c t i o n  i s  k e p t  low by a lowered food s u p p l y .  
7 .  I n t e n s i v e  s p o r t  f i s h i n g  on u n d e r s i z e  c r a b s  i n  San F r a n c i s c o  Bay i s  
a  f a c t o r  a f f e c t i n g  r e c r u i t m e n t  t o  t h e  commercial  f i s h e r y .  
8. The c r a b  p o p u l a t i o n  h a s  been d e c r e a s e d  by p a r a s i t e s  o r  d i s e a s e .  
The hypotheses  c o n s i d e r e d  t o  be  most a r p i i c a b l e  t o  t h e  problem are 
Nos. 1, 2 ,  and 3 .  These hypotheses  s u g g e s t  t h a t  t h e  c r i t i c a l  c r a b  s t a g e s  
are t h e  l a r v a l  and j u v e n i l e  forms o c c u r r i n g  i n  bays  and n e a r s h o r e  ocean  
w a t e r s ,  and t h a t  t h e  most p l a u s i b l e  c a u s e s  o f  low s u r v i v a l  shou ld  b e  
sought  i n  t h e  e f f e c t s  of n a t u r a l  and man-caused env i ronmenta l  c o n d i t i o n s .  
Though t h e  major  e f f o r t  of  t h e  r e s e a r c h  program w i l l  be  d i r e c t e d  toward 
r e s o l v i n g  problems s u g g e s t e d  by t h e  f i r s t  t h r e e  h y p o t h e s e s ,  t h e r e  w i l l  b e  
some work schedu led  t o  i d e n t i f y  t h e  p o s s i b l e  e f f e c t s  of p r e d a t i o n ,  lowered 
food s u p p l y ,  and e f f e c t s  of s p o r t  f i s h i n g  f o r  c r a b s  i n  San F r a n c i s c o  Bay 
(hypotheses  Nos. 5 ,  6 ,  and 7 ) .  
It i s  n o t  uncommon f o r  c r u s t a c e a n  s p e c i e s  t o  h a t c h  from eggs  b o r n  by 
f e m a l e s  i n  n e a r s h o r e  ocean w a t e r s .  Some l a r v a e  become d i s t r i b u t e d  i n  bays  
and e s t u a r i e s  hav ing  warmer w a t e r s  o f  lower s a l i n i t y .  The l a r v a e  metamor- 
phose i n t o  a d u l t  form and m i g r a t e  back  t o  t h e  c o o l e r ,  h i g h e r  s a l i n i t y  
c o a s t a l  w a t e r s .  I n  l a t e  s p r i n g  j u v e n i l e  c r a b s  a r e  found i n  b o t h  bay  and 
n e a r s h o r e  ocean w a t e r s  of c e n t r a l  C a l i f o r n i a .  I t  i s  t h e  d e t e r m i n a t i o n  of 
t h e  in te rdependence  of t h e  two environments  and t h e  f a c t o r s  f a v o r i n g  s u r -  
v i v a l  of t h e  l a r v a e  and j u v e n i l e  c r a b s  which r e q u i r e s  t h e  e f f o r t  of t h i s  
r e s e a r c h  program. 
The s t u d y  of c r a b s  by t h e  Department i n  p r e v i o u s  y e a r s . h a s  r e v e a l e d  
much i n f o r m a t i o n  on t h e  h a t c h i n g  and e a r l y  growth of c r a b s  i n  ocean and 
bay w a t e r s .  The c r a b s  of t h e  s t u d y  a r e a  h a t c h  from masses  of eggs  on t h e  
abdomen of f e m a l e s  on sandy bot toms i n  t h e  Culf  of t h e  F a r a l l o n e s  a t  
d e p t h s  of 55 m (30 fm) t o  t h e  sh;lllows i n  t h e  b r e a k e r s  on t h e  beach.  The 
h a t c h i n g  o c c u r s  d u r i n g  w i n t e r  months and i s  Yel ieved  t o  r e a c h  i t s  peak i n  
J a n u a r y .  The l a r v a e  a r e  s u b j e c t  t o  d i s p e r s a l  by  w a t e r  c u r r e n t s  d u r i n g  
t h e i r  development and metamorphosis i E t o  j u v e n i l e  c r a b s .  The l a r v a l  
p e r i o d  t a k e s  abou t  4  months. J u v e n i l e  c r a b s  found i n  b o t h  ocean  and bay 
w a t e r s  a r e  c r a b s  which ha\-: n o t  a t t a i n e d  s e x u a l  m a t u r i t y ;  t h i s  o c c u r s  when 
t h e  c r a b s  a r e  abou t  100 mm (4 i n c h e s )  i n  wid th .  R e s e a r c h e r s  r e p o r t  l s r v a l  
and j u v e n i l e  forms a r e  c r i t i c a l .  s t a g e s  i n  t h e  l i f e  of c h s t a c e a  and t h a t  
t h e s e  s t a g e s  o f t e n  demons t ra te  s e l e c t i v e  d i s t r i b u t i o n  i n  bays  and e s t u a r i e s .  
O t h e r s  r e p o r t  s h o r t - t e r m  e f f e c t s  of s 3 n t h e t i c  o r g a n i c s ,  pe t ro leum w a s t e s ,  
and heavy m e t a l s  on  v a r i o u s  forms of  c r u s t a c e a ,  a l t h o u g h  long-term e f f e c t s  
a r e  n o t  w e l l  documented. 
O r g a n i z a t i o n  
The o r g a n i z a t i o n a l  s t r u c t u r e  f o r  t h e  r e s e a r c h  program \<as Ot..sigrred 
from t h e  n u c l e u s  provided i n  t h e  r e o r g a n i z a t i o n  (May 1, 1974) by t h e  
~ e ~ a r t m e n t  t o p l a c e  r e s e a r c h  of marine  r e s o u r c e s  i n  O p e r a t i o n s  Research 
Branch and management of marine  f i s h e r i e s  i n  Marine Resources  Region.  
The Dungeness Crab Research Program was a s s i g n e d  t o  Research Team No. 1 
w i t h i n  O p e r a t i o n s  Research Branch. The a c t i v i t i e s  of t h e  r e s e a r c h  team 
were i n i t i a t e d  i n  1974 w i t h  two p r o j e c t s :  (1)  Crab C r i t i c a l  S t a g e  
S t u d i e s ,  and ( 2 )  Crab Environnent  S t u d i e s  ( F i g u r e  2 ) .  The f l o w  of t h e  
dynamics o f  communication, c o l l e c t i o n  of i n f o r m a t i o n ,  and c o n t r o l  of t h e  
u n i t s  of t h e  t o t a l  s t r u c t u r e  f o r  t h e  program a r e  a n t i c i p a t e d  t o  b e  con- 
t inuous  . 
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FIGURE 2. Dungeness c r a b  r e s e a r c h  team o r g a n i z a t i o n a l  c h a r t .  
Research Team A c t i v i t ~ e s  - May 1974 Through June  1975 
A comprehensive s t u d y  of c r j o  l a r v a e  and j u v e n i l e  c r a b s  i n  San 
F r a n c i s c o  Bay and t h e  Gulf of t h e  F a r a l j o n e s ,  incl -uding t h e  neasurement  
and a n a l y s e s  of innumerable  env i ronmenta l  f a c t o r s  i s  necessa r i1 .y  complex. 
A s  a  consequence,  t h e  r e s e a r c h  t eam's  e f f o r t s  were i n i t i a t e d  w i t h  s e v e r a l  
a c t i v i t i e s  d e s i g n e d  t o  l e a d  t o  s e l e c t i o n  of r e s e a r c h  t a s k s  t h a t  would be  
w i t h i n  t h e  scope  of Research Team Yo. 1 i n  t h e  4-pear r e s e a r c h  program 
t o  b e g i n  J u l y  1975. 
A rev iew of s c i e n t i f i c  l i t e r a t u r e  on c r u s t a c e a n  b i o l o g y ,  mar ine  
eco logy ,  erivironniental  sc ' i ence ,  and oceanography was i n i t i a t e d  t o  a s s u r e  
t h a t  p r o j e c t  p e r s o n n e l  were well. informed and up t o  d a t e  on t h e  s u b j e c t  
m a t t e r  p e r t i n e n t  t o  t h e  s t u d y  o f  e f f e c t s  of env i ronmenta l  f a c t o r s  on 
c r i t i c a l  s t a g e s  o f  c r u s t a c e a .  A b i b l i o g r a p h y  h a s  been c o n p i l e d  and a  
c o l l e c t i o n  o f  most r e c e n t  and gernane  p a p e r s  h a s  bee11 ~nade .  T h i s  work 
g i v e s  s t r o n g  i n d i c a t i o n s  t h a t  l a r v a l  s t a g e s  a r e  c r i t i c a l  i n  c r u s t a c e a n  
p o p u l a t i o n s  p a r t i c u l a r l y  a t  t imes  of metarr ,orp?~osis.  
.We conducted a  rev iew of l i t e r a t u r e  w i t h  emphasis on decapod l a r v a e  
p a p e r s .  A c o m p i l a t i o n  o f  a v a i l a b l e  i n f o r m a t i o n  was made t o  form a n  
i l l u s t r a t e d  key f o r  u s e  i n  s o r t i n g  and i d e n t i f i c a t i o n  of zoop lank ton  c o l -  
l e c t e d  on o u r  r e s e a r c h  c r u i s e s  and made a v a i l a b l e  by o t h e r  r e s e a r c h  
groups .  
Analyses  of e x i s t i n g  b i o l o g i c a l  d a t a  w i t h  s p e c i a l  emphasis  on t h e  
compara t ive  growth r a t e s  of c r a b s  i n  bays  and ocean w a t e r s  o f f  c e n t r a l  
C a l i f o r n i a  i n d i c a t e  t h a t  t h e  s u c c e s s i o n  of m o l t s  i s  more r a p i d  i n  bay 
w a t e r s .  The i d e n t i f i c a t i o n  of s i z e  groups  as y e a r - c l a s s e s  i s  e s s e n t i a l  
t o  d e t e r m i n e  r e c r u i t m e n t  t o  t h e  h a r v e s t a b l e  component of t h e  r e s o u r c e .  
However, t h e  mixing of j u v e n i l e s  from bay a ~ d  ccean  i n  t h e  ocean p r e s e n t s  
a  wide s i z e  r a n g e  f o r  c r a b s  of a p p r o x i m a t e l y  t h e  same a g e ,  making a g i n g  
d i f f i c u l t .  At tempts  a r e  t o  b e  made t o  r e s o l v e  t h e  d i f f e r e n c e s  i n  growth 
r a t e s  i n  bay and ocean w a t e r s .  
A major  a c t i v i t y  of t h e  r e s e a r c h  p r o j e c t s  i n  1975 was t h e  series o f  
r e s e a r c h  c r u i s e s  i n  A p r i l ,  May, and June .  I n  e a c h  month, a p p r o x i m a t e l y  
2 weeks of c r u i s e  t i n e  of t h e  KELP BASS were  d i r e c t e d  t o  c o l l e c t i o n  of c r a b  
zoeae ,  megalopae,  and e a r l y  c r a b  i n s t a r s  ( F i g u r e  3 ) .  S p e c i a l  p l a n k t o n  n e t s ,  
t r a w l s ,  and d r e d g e s  were used a t  s t a t i o n s  i n  t h e  Gulf of t h e  F a r a l l o n e s  
and i n  San F r a n c i s c o  Bay. We have d i r e c t  e v i d e n c e  from tagged c r a b s  t h a t  
c r a b s  from t h e  Bay e n t e r  t h e  c o m n ~ e r c i a l  f i s h e r y  i n  t h e  ocean.  However, 
we do n o t  have r e c o r d s  of zoeae o r  megalopae i n  bay w a t e r s  i n  q u a n t i t i e s  
t o  g i v e  r i s e  t o  t h e  r e l a t i v e l y  l a r g e  numbers o f  j u v e n i l e  c r a b s  i n  t h e  Bay. 
I n  t h e  s e a r c h  f o r  t h e  v e r y  c r i t i c a l  s t a g e s  when c r a b  zoeae metamorphose t o  
megalopae and t h e  megalopae t o  t h e  f i r s t  c r a b  form,  we hope t o  f i n d  some 
answers .  Searches  f o r  s m a l l  c r a b s  d u r i n g  t h e i r  e a r l y  s t a g e s ,  when t h e  
s u c c e s s i o n  of m o l t s  i s  most r a p i d ,  w i l l  be  made t o  d e t e r m i n e  when and 
where t h e y  f i r s t  occur  i n  l a r g e  numbers on  t h e  bot tom of  t h e  Bay o r  G u l f .  
Research c r u i s e s  \:ill be  schedu led  e a c h  y e a r  t o  c o l l e c t  much needed b io -  
l o g i c a l  and env i ronmenta l  d a t a  i n  San F r a n c i s c o  Bay and t h e  Gulf o f  t h e  
F a r a l l o n e s .  
Temperatures  and s a l i n i t i e s  were recorded  d u r i n g  c r u i s e s  t o  d e t e r m i n e  
c o n d i t i o n s  when t h e  l a r v a e  and j u v e n i l e s  r r e  p r e s e n t .  
The r e s u l t s  of t h e  c r u i s e s  i n  A p r i l ,  May, and J u n e  1975 w i l l  have  
much i n f l u e n c e  on f u t u r e  f i e l d  s t u d i e s ,  p l r t i c u l a r l y  o n  t h e  d e c i s i o n  t o  
p u t  emphasis on Bay o r  ocean  s u r v e y s .  
Zoea 
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ADULT 
FIGURE 3. Representative stages of Dungeness crab, Cancer mngistsr. 
S p z c i a l  st.r?pl.es of c rabs  fro:-,>. s e v e r a l  n r t s a  t.'i-:rc sul;miirtr.cI t o  the  
Pc7nartment ' s Po!.!(i'ii.o~~ li:lcl V i 1 . t  <ti: qi tn l  it:y I , ~ ' u i , r ; ~ i c ? r i o x  For :zrinJ..ys~s. 'The 
9 - . . ,  
2 i ; ; G i l r ; t s  o f  contai:lil:::.;.-i.,)n 1i.J ~!c;ivy ii r t : ! : : s  LIT>[: pe~L.3 c. l.ilG:a c ; i l i  y-ii?:Ld fn!'or- 
mat ion  f o r  use i n  cic;rc?-r'r:lir~~ini; f u t u r e  sa inp l ing  proy,rai:,s. T h ?  ncerl  f o r  
s p e c i d .  tes ts  ii1 t h e  1.ahora.tory t o  sl!oxv poss:i.ble eEic .c ts  oL' these sub- 
s t a n c e s  on s u r v i v a l  and dis~ribution of c r a b s  w i l l  a l s o  be  r e v e ~ l e d .  
Ovigerous  c r a b s  s u p p l i ~ 3  t o  t k e  ZTnrine C u l t u r e  L,abora"cry werz used 
f o r  h a t c h i n g  experirr\cr?ts zed development o f  s u c c e s s f u l  t echr l iques  of 
I.s.rvne r e a r i n g  t h r o u ~ h  a l l  s t a g e s  and x e t a o r p h 3 s i s  i n t o  the  c r a b  form. 
Crabs ,  mctxnorphosed fro13 ~ ~ l e g a l o p a e  caught  i n  t h e  a c e a n ,  have been  r e a r e d  
th rough  1 0  r ~ o l t s  i n  t h e  1 .aborntory.  
The e l e c t r o p h o r e t i c  s;ut1-ies a t  U . C .  San Diego d e s i g n e d  t o  deterrnirle 
t h e  s u b p o p u l a t i o n s  o f  crabs along c~1:r coast: were st:cr Led. 
An e x a x i n a t i o n  of t h e  s p o r t  f i . s h e r y  i n  Snn F r a n c i s c o  Bay i n  1974-75 
r e v e a l e d  t h a t  many s m a l l  c r a b s  a r e  caught .  Tliis f i s h e r y  may be of 
s u f f i c i e n t  magni tude t o  have a n  e f f e c t  on r e c r u i t m e n t  t o  t h e  ocean  f i s h e r y .  
T h i s  s p o r t  f i s h e r y  and i t s  imyect on the n u r s e r y  g r o ~ n d  p o p u l a t i o n  w i l l  
r e c e i v e  more a t t e n t i o n  d u r i n g  t h e  1975-76 season .  
Durirlg t h e  f i r s t  p a r t  of 1975 t h e  exarninrition of d a t a  on hand con- 
tri5:ltecl t o  o u r  l a b o r a t o r y  s t u d i e s  and p i l o t  r e s e a r c h  c r u i s e s ,  I tno~~l ledge 
of c r a b  b i o l o g y ,  oceanogrsph lc  ~ o n i i i t i o ~ s  which c c u l d  a f f e c t  c r a b  l a r v a l  
s ~ r s - i . v a l ,  r a n g e s  of c o n t a ~ ~ i n a n t s  i n  c r a b  t i s s u e ,  l o c a l  subpopi l l a t ions  of 
crabs ,  and s e a s o n a l  and geograpli ic d i s t r i b u t i o n  o f  l a r v a e .  A l l  of  t h e s e  
\.rere o f  v a l u e  i n  e s t a b l i s h i n g  t h e  b a s e  from t.rhich t o  d e s i g n  t h e  [+-year 
s t u d y .  
Research A c t i v i t i e s  - J u l y  1, 1375 Through September 1, 1979 
The a v a i l a b l e  d a t a  on growth of c.rabs and d a t a  of s p e c i a l  c o l l e c t i o n s  
o f  s m a l l  c r a b s  a r e  t o  b e  s t u d i e d  t o  d e t e r n i n e  t h  d i f f e r e n c e s  i n  growth 
r a t e s  of t h e  f i r s t  s t a g e s  of c r a b s  i n  San F r a n c i s c o  Eay and n e a r s h o r e  
ocean w a t e r s .  T h i s  work w i l l  a i d  i n  t h e  d e t e r m i n a t i o n  of t i n e s  and p l a c e s  
of o c c u r r e n c e  of t h e  v a r i o u s  j u v e n i l e  c r a b  s t a g e s  and t h e  p a t t e r n s  of 
r e c r u i t m e n t  from bay and ocean environments  t o  t h e  f i s h e r y .  
The major  f i e l d  a c t i v i t y  of t h e  program w i l l  i n v o l v e  sampl ing f o r  
t h e  o c c u r r e n c e  o f  l a r v a l ,  j u v e n i l e ,  and a d u l t  c r a b s  i n  San Pablo  Bay, 
San F r a n c i s c o  Eay, and i n  t h e  Gulf of t h e  F a r a l l o n e s  ( F i g u r e  4 ) .  
H i s t o r i c a l  r e c o r d s  of w a t e r  c u r r e n t s ,  t e l f lpe ra tu re ,  and s a l i n i t y  w i l l  
be c o l l e c t e d  and e x a m i ~ e d  t o  de te rmine  t h e  c h a r a c t e r i s t i c s  of t h e  mar ine  
environment when v a r i o u s  s t a g e s  of c r a b s  a r c  p r e s e n t .  D i f f e r e n c e s  i n  
w a t e r  c o n d i t i o n s  between y e a r s  of good and poor  r e c r u i t m e n t  t o  t h e  c r a b  
p o p u l a t i o n  w i l l  be  sought  o u t .  
The FTaririe C u l t u r e  ~ a b o r a t o r y  i s  t o  b e  s u p p l i e d  w i t h  o v i g e r o u s  c r a b s  
f o r  c o n t i n u i n g  s t u d f e s  i n  h a t c h i n g  of l a r v a e  and development of mass 
c u l t u r e  t e c h n i q u e s .  The r e a r i n g  p rocedures  developed t r i l l  have d i r e c t  
a p p l i c a t i o n  i n  l a b o r a t o r y  v e r T f i c a t i o n  of e f f e c t s  of env i ronmenta l  f a c -  
t o r s  on s u r v i v a l  and growth of l a r v a e  i n  b o t h  t h e  Marine C u l t u r e  Labora- 
t o r y  ( f o r  n a t u r a l  f a c t o r s )  and t h e  X a r i n e  Bioassay Labora to ry  ( f o r  con- 
t a m i n a n t s ) .  
Samples of c r a b s  from d i f f e r e n t  a r e a s  a r e  t o  be  t a k e n  f o r  s t u d i e s  t o  
measure d i f f e r e n c e s  i n  heavy m e t a l s ,  p e s t i c i d e s ,  and p o l y c h l o r i n a t e d  
b i p h e n y l s  (PCB'S) I n  c r a b  t i s s u e .  Arrangements have been made w i t h  t h e  
Depar tment ' s  I:'ater P o l l u t i o n  C o n t r o l  Labora to ry  and ?.loss Landing X a r i n e  

L a b o r a t o r i e s  t o  conduct  p r e l i m i n a r y  t e s t s  on heavy m e t a l s .  T e s t s  f o r  
p e s t i c i d e s  and PCB's w i l l  be  r u n  by t h e  D e p a r t x e c t ' s  P e s t i c i d e  Labora to ry .  
The l e v e l s  and t y p e s  of t o x i c a n t s  d i s c o v e r e d  i n  p r e l i n i n a r y  t e s t s  w i l l  
d i c t a t e  t h e  t y p e s  of s i m i l a r  t e s t s  t h a t  need t o  be  r u n  d u r i n g  t h e  4- 
y e a r  s t u d y .  I n f o r m a t i o n  frog1 t h e s e  t e s t s  t r i l l  be  v a l u a b l e  a l s o  i n  des ign-  
i n g  b i o a s s a y  exper iments  w i t h  l a r v a l  and j u v e n i l e  c r a b s .  
E l e c t r o p h o r e t i c  s t u d i e s  of c r a b  t i s s u e s  were begun i n  1975 th rough  a  
c o n t r a c t  w i t h  t h e  U n i v e r s i t y  of C a l i f o r n i a  a t  San Diego. T i s s u e  of c r a b s  
from s e v e r a l  l o c a t i o n s  a r e  b e i n g  examined t o  determ-ine ;he polymorphic 
isozyme sys tems  t h a t  can  b e  i s o l a t e d  t o  i d e n t i f y  o r i g i n s  of c r a b  subpopu- 
l a t i o n s  a l o n g  t h e  C a l i f o r n i a  c o a s t .  Such i n f o m a t i o n  i s  of v a l u e  i n  pro- 
v i d i n g  a  b i o l o g i c a l  b a s i s  f o r  d e l i n e a t i o n  of s t u d y  a r e a s .  
The N a t i o n a l  X a r i n e  F i s h e r i e s  S e r v i c e  and t h e  U . S .  G e o l o g i c a l  Survey 
have been c o n t a c t e d  r e g a r d i n g  t h e i r  work i n  San F r a n c i s c o  Gay. Both 
a g e n c i e s  a r e  c o o p e r a t i n g  by p r o v i d i n g  San F r a n c i s c o  Bay p l a n k t o n  samples 
of p r e v i o u s  y e a r s  f o r  examina t ion  t o  d e t e r m i n e  t i m e s  c r a b  l a r v a e  occilr  in 
t h e  Eay. The U.S.  G e o l o g i c a l  Survey h a s  a  l a r g e  r e s e a r c h  u n i t  s t u d y i n g  
w a t e r  c h a r a c t e r i s t i c s ,  c u r r e n t s ,  and p l a n k t o n  i n  t h e  San F r a n c i s c o  Eay 
and e s t u a r y  sys tem.  The e x p e r t i s e  of t h e  S u r v e y ' s  s t a f f  and c a p a b i l i t i e s  
of . t h e i r  e x c e l l e n t l y  equipped survey  s h i p  POLARIS w i l l  p r o v i d e  a  v a l u a b l e  
s o u r c e  of i n f o r m a t i o n  on p h y s i c a l  and chemical  f a c t o r s  and p l a n k t o n  i n  
c o a s t a l  and bay w a t e r s .  It  i s  a n t i c i p a t e d  t h a t  t h e i r  r e p o r t s  and o u r s  
w i l l  l e a d  t o  a n  unprecedented accumula t ion  of d a t a  on env i ronmenta l  and 
b i o l o g i c a l  f a c t o r s  i n  San' F r a n c i s c o  Bay. It i s  from such d a t a  t h a t  u s e f u l  
i n f o r m a t i o n  on t h e  d e g r e e  of in te rdependence  of t h e  ocean and bay c r a b  
p o p u l a t i o n s  can be  de te rmined .  An i n d i c a t i o n  of t h e  importance of t h e  bay 
system i n  c o n t r i b u t i n g  t o  t h e  s t r e n g t h s  of t h e  ocean f i s h e r y  w i l l  g i v e  u s  
a  s t r o n g e r  b a s i s  f o r  f u r t h e r  s t u d i e s  i n  t h e  long- term program. 
Work P l a n s  
The two p r o j e c t s  of t h e  Dungeness Crab Research  Program a r e  (1) Crab 
C r i t i c a l  S t a g e  P r o j e c t  and ( 2 )  Crab Envircnment P r o j e c t .  The a c t i v i t y  
p l a n s  f o r  t h e  s t u d i e s  i n  each  p r o j e c t  i d e c t i f y  t h e  s e v e r a l  t a s k s  t o  b e  
c o o r d i n a t e d  and accomplished i n  t h e  4-year program. The t a s k s  a r e  
d e s c r i b e d  and G a n t t  t y p e  work f l o w  c h a r t s  i l l u s t r a t e  t h e  t i m i n g  and man- 
power r e q u i r e m e n t s  f o r  e a c h  s t u d y .  The C r i t i c a l  S t a g e  P r o j e c t  i n c l u d e s  
s t u d i e s  of l a r v a l ,  j u v e n i l e ,  and a d u l t  c r a b s  and a s s o c i a t e d  s p e c i e s  
( F i g u r e s  5 ,  6 ,  and 7 ) .  The Environment P r o j e c t  s t u d i e s  a r e  of n a t u r a l  
and man-caused f a c t o r s  and t h e i r  e f f e c t s  on c r a b  p h y s i o l o g y  and d i s t r i b u -  
t i o n  ( F i g u r e  8 ) .  I n  a d d i t i o n ,  f low c h a r t s  of F i e l d  O p e r a t i o n s  and t h e  
A d m i n i s t r a t i v e  P l a n  a r e  i n c l u d e d  ( F i g u r e s  9  and 1 0 ) .  In  a d d i t i o n ,  a t a s k  
p recedence  diagram ( F i g u r e  1 1 )  p r e s e n t s  a n  overv iew of how t h e  v a r i o u s  
t a s k s  r e l a t e  t o  e a c h  o t h e r  and l e a d  t o  t h e  s u c c e s s f u l  c o m p l e t i o n  o f  t h i s  
program. 
The p r o p o s a l  f o r  Research Team No. 1 w i t h  a  permanent s t a f f  of six 
s c i e n t i s t s ,  a  s t e n o g r a p h e r ,  and 1 8  man-months of temporary h e l p  p e r  y e a r  
would p r o v i d e  426 man-months f o r  t h e  50 months o f  t h e  program J u l y  1, 
1975-September 1, 1979. Many a d d i t i o n a l  r,an-months of a s s i s t a n c e  w i l l  b e  
needed from o t h e r  Depar t r -ent  programs. The d i s t r i b u t i o n  o f  e f f o r t  by man- 
months i s  summarized i n  T a b l e  1. 
TABLE 1. D i s t r i b u t i o n  of E f f o r t  by Man-months. 
Wan-months 
Flow Research 
Work p l a n  c h a r t  no.  -team i,1 Others  T o t a l s  
-- .- 
Crab c r i t i c a l  s t a g e s  p r o j e c t  
Larvae 1. 66.1. 50.5  11.6.6 
J u v e n i l e s  2 5 2 . 1  35.7 87.8 
Adul t s  3 1 6 . 8  7 . 7  24.5  
Crab envi- ronnent  p r o j  e c t  4 120.0  1.6.8 136.8  
Research v e s s e l  crews 5 1'35.7 105.7 
A d m i n i s t r a t i v e  a c t i v i t i e s  6  171.0  3.0 1.74 .O 
T o t a l s  426.0 219.4 645.4 
Kinds o f  Data 
The d a t a  g a t h e r e d  by t h e  p r o j e c t s  of t h e  nungencss Crab Program w i l l  
be v a r i e d  and can be  d i v i d e d  i n t o  two main c a t e g o r i e s :  b i o l o g i c a l  and 
n o n b i o l o g i c a l .  The b i o l o g i c a l  d a t a  on c r a b s  s i l l  b e  t h e  s i z e s  and condi -  
t i o n  o f  c r a b s  caught  by a l l  methods,  d a t a  on growth,  h a b i t s ,  and p h y s i o l -  
o g i c a l  r e a c t i o n s  t o  c o n t r o l l e d  c o n d i t i o n s  i n  t h e  l a b o r a t o r y .  Data  on 
p r e d a t o r s  w i l l  b e  recorded  d u r i n g  e x a n i ~ a t i o n s  of stornachs t a k e n  from 
s e l e c t e d  v e r t e b r a t e s  on r e s e a r c h  c r u i s e s .  S p e c i e s  a s s o c i a t e d  w i t h  c r a b s  
\ d i l l  b e  recorded  and r e l a t i v e  abundance no ted .  ?leasurements o f  c r a b s  w i l l  
be t o  t h e . n e a r e s t  m i l l i m e t e r ,  f ' i sh  and i n v e r t e b r a . t e s  when k e p t  f o r  f u r t h e r  
s t u d y  w i l l  be c ~ e a s u r e d  by 2-rum (0 .1- inch)  i n t e r v a l s .  S t a t i o n  locations 
w i l l  be  r e c o r d e d  t o  t e n t h s  of minu tes  o f  l a t i t u d e  and l o c g i t u d e .  Tows of 
p l a n k t o n  n e t s  and d r a g s  of t r a w l s  and d redges  w i l l  be  t imed t o  t h e  minu te .  
The r e c o r d i n g  of t e m p e r a t u r e ,  d e p t h ,  and s a l i q i t p  w i l l  be ~ a d e  a t  s e a  
excep t  f o r  s a l i n i t y  below t h e  d e p t h  c a p a b i l i t y  of o u r  c o n d u c t i v i t y  probe.  
Water samples w i l l  be  talcen a t  deep s t n t i o r l s  and s a l f . n i t i e s  t r i l l  b e  
determined i n  t h e  l a b o r a t o r y .  Depths w i l l  b e  i n  m e t e r s .  Temperatures  
w i l l  b e  t o  t h e  n e a r e s t  d e g r e e  C and s a l i n i t y  i n  p a r t s  p e r  thousand.  
Our p r e l i m i n a r y  e s t i m a t e  i s  f o r  occupying a p p r o x i m a t e l y  150 s t a t i o n s  
p e r  y e a r .  The r e c o r d i n g  i n  tk.e f i e l d  of s t a t i o n  d a t a ,  oceanograph ic  
p a r a m e t e r s ,  and c o u n t s  and measurements of c r a b s  and a s s o c i a t e d  s p e c i e s  
i s  expec ted  t o  g e n e r a t e  some 4 ,000 d a t a  s h e e t s  d u r i n g  t h e  program. The 
r e c o r d i n g  i n  t h e  l a b o r a t o r y  o f  s p e c i e s ,  t h e i r  r e l a t i v e  abundance,  and 
l i f e  s t a g e s  from p l a c k t o n  samples ,  f i s h  s tomechs ,  and s p e c i a l  c o l l e c t i o n s  
p l u s  t h e  many r e c o r d  s h e e t s  of c u l t u r e ,  t o l e r a n c e  t e s t s ,  b i o a s s a y s ,  ,and 
contaminant  s t u d i e s  w i l l  s w e l l  t h e  d a t a  f l l e s  o f  t h e  program. 
A n t i c i p a t e d  O b s t a c l e s  
Major a n t i c i p a t e d  o b s t a c l e s  w i l l  be  a d m i n i s t r a t i v e  p r o c e d u r e s ,  v e s s e l  
s c h e d u l i n g ,  g e a r  maintenance and l o s s ,  and v a g a r i e s  of wea ther .  
A d m i n i s t r a t i v e  p r o c e d u r e s  of b u d g e t i n g ,  procurement  of equipment ,  and 
s t a f f i n g  are expec ted  t o  b e  l i m i t i n g  f a c t o r s  w i t h  b u i l t - i n  d e l a y i n g  
a c t i o n s  which h i n d e r  pro.grzm o p e r a t i o n s .  F o r t u n a t e l y  d u r i n g  t h e  months of 
p r e l i m i n a r y  p r e p a r a t i o n s  f o r  t h e  progrzm some of t h e s e  o b s t a c l e s  have been  
i d e n t i f i e d  and steis  t a k e n  t o  e s p e d i t e  p r o c e d u r e s .  The s t a f f i n g  t o  f o u r  
b i o l o g i s t s ,  a  s t e n o g r a p h e r ,  and some s e a s o n a l  h e l p  was p rov ided  w i t h  t h e  
1974 r e o r g a n i z a t i o n  o f  t h e  Marine Resources  Region and O p e r a t i o n s  Research 
Branch when Research Team KO.  1 was d e s i g n a t e d  f o r  p r i o r i t y  r e s e a r c h  i n  
c e n t r a l  and n o r t h e r n  C a l i f o r n i a .  P r e l i m i n a r y  f i e l d  o p e r a t i o n s  were  e s t a b -  
l i s h e d  w i t h  a s s u r a n c e s  of a d d i t i o n a l  manpower (two b i o l o g i s t s a n d  1 8  months 
of temporary h e l p )  f o r  t h e  program. I f  n c t  p rov ided  t h e  proposed a c t i v -  
i t i e s  must b e  reduced a c c o r d i n g l y .  The procurement  o f  s u p p l i e s ,  g e a r ,  and 
equipment h a s  been on a  s c r a p e ,  borrow,  and emergency purchase  b a s i s  from 
o t h e r  p r o j e c t s  and s o u r c e s  of fuvds .  
The a v a i l a b i l i t y  of r e s e a r c h  v e s s e l s  i s  s u b j e c t  t o  p r i o r i t y  o f  
v a r i o u s  programs, s t a f f i n g  p r o b l ~ m s  of crews,  and v e s s e l  o v e r h a u l s .  ,These  
v e s s e l  problems a r e  common t o  a l l  programs i r l  need of a  r e l i a b l e  r e s e a r c h  
p l a t f o r m  a t  s e a .  The accomplisilment of c r u i s e  p l a n s  i s  l i m i t e d  and a t  
ti-mes p rec luded  by t h e  wea%er.  It i s  n o t  unusua l  i n  any season  t o  l o s e  
a  week of s e a  t i m e  due t o  a d v e r s e  s e a  c o n d i t i o n s  o f f  c e n t r a l  C a l i f o r n i a .  
S i m i l a r  S t u d i e s  
A r e c e n t  r ev iew of t h e  l l t e r a t u r e , i n  a d d i t i o n  t o  o u r  niany y e a r s  of 
concern  over  t h e  s t a t u s  of t h e  r e s o u r c e  end exchange of i n f o r n ~ a t i o n  w i t h  
t h e  o t h e r  P a c i f i c  s t a t e s , h a s  n o t  r e v e a l e d  s i r r i i lar  s t u d i e s  t o  d e t e r n i n e  
c a u s a t i v e  f a c t o r s  of a l o n g  term low p r o d u c t i o n  of a  c r u s t a c e a n  r e s o u r c e .  
P r e l i m i n a r y  examina t ion  o f  f l u c t u a t i o n s  of P a c i f i c  c o a s t  c r a b  l a n d i n g s  i n  
r e l a t i o n  t o  upwel l ing  i n d i c e s  of c o o l  c o a s t a l  w a t e r s  h a s  n o t  r e v e a l e d  a  
s i g n i f i c a n t  c o r r e l a t i o n .  The s t u d i e s  of b l u e  c r a b  i n  t h e  Chesapeake Bay 
a r e a  have been  on b a s i c  b i o l o g y  i n c l u d i n g  development and d i s t r i b u t i o n .  
These s t u d i e s  r e v e a l e d  h a t c h i n g  i.n t h e  8 e e p e r  more s a l i n e  w a t e r s  wi.th 
subsequent  growth t o  m a t u r i t y  i n  upst ream less dense  e s t u a r i n e  w a t e r s .  
Research t h e r e  i s  now focused  on p e r i o d i c  f l u c t u a t i o n s  i n  s t o c k s .  
Resources  Required 
The Dungeness Crab Research Trogram i s  p r e s e n t e d  a s  a  4-year s t u d y  
from J u l y  1, 1975 t o  Sep tenber  1, 19?9.  The minimum i n  p e r s o n n e l  f o r  t h e  
r e s e a r c h  u n i t ,  Research Team ?To. 1, i s  s i x  b i o l o g i s t s ,  one s t e n o g r a p h e r ,  
and 1 8  months of temporary h e l p  each  y e a r .  The c i v i l  s e r v i c e  c l a s s i f i c a -  
t i o n s  f o r  t h e  p rogran  a r e  p r e s e n t e d  i n  Tab le  2. 
TABLE 2. C i v i l  s e r v i c e  c l a s s i f i c a t i o n s  f o r  Dmgeness  c r a b  program. 
Ass ignrr~ent 
Man-months 
C i v i l  s e r v i c e  c l a s s  p e r  y e a r  
Program S u p e r v i s o r  Labora to ry  S u p e r v i s o r  12 
C r i t i c a l  S t a g e s  P r o j e c t  A s s o c i a t e  Fiarine B i o l o g i s t  12 
Leader 
C r i t i c a l  S t a g e s  B i o l o g i s t  A s s i s t a n t  Marine  B i o l o g i s t  12 
C r i t i c a l  S t a g e s  B i o l o g i s t  A s s i s t a n t  Flarine B i o l o g i s t  ' 12 
Environment P r o j  ec  t Leader A s s o c i a t e  T~larine B i o l o g i s t  1 2  
Environment B i o l o g i s t  A s s o c i a t e  N a r i n e  B i o l o g i s t  1 2  
S tenographer  
Temporary Help 
S tenographer  Range B 1 2  
F i s h  and W i l d l i f e  Seasona l  Aid 
- 1 8  
T o t a l s  102 
The t o t a l  minimum manpower requ i rement  f o r  Research Team No. 1 f o r  
t h e  proposed 50 month program i s  426 ran-months.  
Any r e d u c t i o n  o f  b i o l o g i s t  o r  temporary h e l p  t ime  w i l l  r e q u i r e  cur -  
t a i l m e n t  of program a c t i v i t i e s ,  p r i m a r i l y  i n  f i e l d  o p e r a t i o n s  on r e s e a r c h  
v e s s e l s  which o f  c o u r s e ,  r e d u c e s  t h e  axount  of b a s i c  d a t a  c o l l e c t e d .  
The Marine C u l t u r e  L a b o r a t o r y  f a c i l i t i e s  and approx imate ly  80 man- 
months of b i o l o g i s t  a s s i s t a n c e  from i t s  s t a f f  a r e  r e q u i r e d  f o r  comple t ion  
of t h e  planned t a s k s  r e q u i r i n g  l a b o r a t o r y  checks  and e v a l u a t i o n s .  
A d i r e c t  s u p p o r t i v e  need i s  t h e  crew t ime  of r e s e a r c h  v e s s e l  crews 
of Marine Resources  Region and t h e  Anadromous F i s h e r i e s  Eranch e s t i m a t e d  
t o  be  17-112 man-months p e r  y e a r .  I n  addLt ion  v e s s e l  o p e r a t i o n s  and 
maintenance shou ld  b e  p r o r a t e d  t o  t h e  c r a b  program. 
Approximately $8,000 f o r  o t h e r  t h a n  Research Team Mo. 1 s a l a r i e s  and 
$12,000 f o r  s u p p l i e s  and equipment were  expecded f o r  program a c t i v i t i e s  
January-June 1975. Equipment c o s t s  a r e  expec ted  t o  be lower i n  succeed-  
i n g  y e a r s .  
A b a s e l i n e  f o r  budge t ing  c o s t s  of o p e r a ~ i o n s  and equipment h a s  n o t  
been e s t a b l i s h e d  b u t  a n  e s t i m t e  i s  $34,000 f o r  o p e r a t i o n s  and $3,000 f o r  
equipment a n n u a l l y  a f t e r  b a s i c  equipment i s  o b t a i n e d  i n  1975 and 1376. 
The f i n a l  r e p o r t  o f  t h e  f i n d i n g s  of t h e  Dungeness Crab Research 
Program, t o g e t h e r  w i t h  recommendations f o r  l e g i s l - a t i v e  Snd a d m i n i s t r a t i v e  
a c t i o n  t o  p r o t e c t  t h e  r e s o u r c e  and i n c r e a s e  t h e  abundance o f  c r a b s  i n  
C a l i f o r n i a  w a t e r s ,  w i l l  b e  p repared  d u r i n g  t h e  p e r i o d  May-August, 1979.  
The c o s t s  of p r i n t i n g  t h e  f i n a l  r e p o r t  shou ld  be met by p r o v i s i o n  of 
$7,000 i n  t h e  1879-80 f i s c a l  y e a r .  
Task D e s c r i p t i o n s  and Work Flow C h a r t s  
Work Flow Char t  KO.  1 
Task D e s c r i p t i o n s :  
1. It i s  planned t h a t  300 t o  400 p l a n k t o n  tows p e r  y e a r  w i l l  be  made from 
Department r e s e a r c h  v e s s e l s  t o  sample f o r  t h e  o c c u r r e n c e  o f  Dungerless 
crab l a r v a e  in t h e  Gulf df the  F a r a l l o n e s  and in n o r t h  San F r a n c i s c o  
Bay and San Pablo  Bay. The p r imary  c o l l e c t i n g  d e v i c e  w i l l  b e  a 0.5-m 
( 1 . 7 - f t )  open ing-c los ing  p l a n k t c n  n e t ;  a s t a n d a r d  0.5-m p l a n k t o n  n e t  
w i l l  b e  used i n  w a t e r s  s h a l l o w e r  t h a n  20 m (66 f t ) .  C o l l e c t i o n  o f  
t h e s e  samples could  e s t a b l i s h  a v e r t i c a l  and h o r i z o n t a l  p r o f i l e  of 
c r a b  zoeae i n  t h e  Gulf of t h e  F a r a l l o n e s  and t h e  San F r a n c i s c o  Bay- 
e s t u a r y  complex. Exper imenta t ion  w i l l  b e  conducted i n t o  rcethods of 
c o l l e c t i n g  c r a b  l a r v a e ,  o t h e r  t h a n  p l a n k t o n  n e t s .  A d d i t i o n a l  t ime  i s  
r e q u i r e d  f o r  t h e  d e s i g n  and t e s t i n g  of g e a r  used i n  p l a n k t o n  sampling.  
2 .  The p l a n k t o n  samples  w i l l  be  r e t u r n e d  t o  t h e  l a b o r a t o r y  f o r  p r o c e s s i n g  
each  y e a r .  P r o c e s s i n g  w i l l  c o n s i s t  of i s o l a t i o n  and enumera t ion  o f  
Dungeness c r a b  l a r v a e  and i d e n t i f i c a t i o n  o f  c l o s e l y  a s s o c i a t e d  s p e c i e s .  
A t  a minimum, t h e  t ime  of one f u l l y - t r a l n e d  p e r s o n  must be  a p p l i e d  t o  
t h i s  t a s k  th roughout  t h e  y e a r .  
C u l t u r i n g  o f  c r a b  l a r v a e  from eggs  th rough  a l l  l a r v a l  s t a g e s  w i l l  b e  
conducted by b i o l o g i s t s  on t h e  s t a f f  of t h e  Depar tment ' s  Marine  C u l t u r e  
Labora to ry  (MCL) . T h i s  a c t i v i t y  r e q u i r e  a n  e x p e n d i t u r e  o f  n e a r l y  
12 man-months p e r  y e a r  d u r i n g  t h e  l a r v a l - r e a r i n g  season .  The major  
a c t i v i t i e s  d u r i n g  t h i s  p e r i o d  w i l l  b e  f e e d i n g  and c a r e  of l a r v a l  c r a b s  
and r e a r i n g  food organisms.  The non- rea r ing  p e r i o d  w i l l  r e q u i r e  a few 
h o u r s  p e r  day a p p l i e d  t o  sys tems  d e s i g n  and main tenance ,  l i t e r a t u r e  
r e s e a r c h ,  and m i s c e l l a n e o u s  a c t i v i t i e s .  
4.  A n a l y s i s  of d a t a  emanat ing from t h e  abcve  a c t i v i t i e s  w i l l  t a k e  p l a c e  
c o n t i n u a l l y .  F i e l d  a c t i v i t i e s  may be  altered n e c e s s a r i l y  i n  l i g h t  o f  
r e s u l t s  from p r e v i o u s  opera t i -ons .  T h e  p e r i o d s  w i l l  b e  s e t  a s i d e  t o  
r u n  s t a t i s t i c a l  a n a l y s i s  on accumulated d a t a ,  t o  d e v e l o p  a p p r o p r i a t e  
sampl ing t e c h n i q u e s  and t o  d i s c u s s  t r ~ n d s  g e n e r a t e d  by f i e l d  observa-  
t i o n s .  Da ta  a n a l y s i s  w i l l  b e  performed p r i m a r i l y  by p r o j e c t  p e r s o n n e l  
w i t h  a s s i s t a n c e  from t h e  s i o m e t r i c s  U n i t  a t  Menlo Park .  
m o m  . . I  . 
Work Flow C h a r t  No. 2 
Task D e s c r i p t i o n s :  
1. An e s t i m a t e d  100 days  p e r  y e a r  w i l l  b e  s p e n t  hboard Department r e s e a r c h  
v e s s e l s  i n  a n  a t t e m p t  t o  sample f o r  t h e  o c c u r r e n c e  of j u v e n i l e  Dungeness 
c r a b .  J u v e n i l e  c r a b s  w i l l  b e  used f o r  d i s t r i b u t i o n ,  a g e ,  growth,  t o l e r -  
a n c e ,  and t i s s u e  s t c d i e s .  Pr imary c o l l e c t i n g  d e v i c e s  w i l l  be  a  5-m (16- f t )  
o t t e r  t r a w l ,  a  13-m ( 4 3 - f t )  c r a b  t r a w l  and a  2.4-m ( 8 - f t )  beam t r a w l .  
E x r e r i m e n t a t i o n  o i i l  be ccnducted i n t o  additional methods of j u v e n i l e  c r a b  
c o l l e c t i n g .  A d d i t i o n a l  t ime i s  r e a u i r e d  f o r  t h e  d e s i g n  and t e s t i n g  o f q g e a r .  
2.  Concurrent  w i t h  t h e  sampl ing f o r  j u v e n i l e  c r a b s ,  p r o j e c t  p e r s o n n e l  w i l l  
c o l l e c t ,  i d e n t i f y  and d e t e r n i n e  t h e  r e l a t i v e  abundance of s p e c i e s  i n  
t h e  Cungeness c r a b ' s  b i o l o g i c a l  com1:unity. An a d d i t i o n a l  hour  p e r  
vesse l -day  i s  r e q u i r e d  f o r  t h i s  a c t i v i t y .  
3. Concurrent  w i t h  t h e  c u l t u r i n g  of c r a b  l a r v a e ,  a b i o l o g i s t  of t h e  s t a f f  
of t h e  Depar tment ' s  Marine  C u l t u r e  L a b o r a t o r y  w i l l  c u l t u r e  c r a b  i n s t a r  
s t a g e s  from t h e  megalops s t a g e .  The c a r e  o f  t h e  j u v e n i l e  c r a b s  and 
p r o v i d i n g  food w i l l  r e q u i r e  6 man-months of t ime  a n n u a l l y .  T h i s  
r e s e a r c h  w i l l  r e f i n e  t e c h n i q u e s  f o r  f u l l  p r o d u c t i o n  p r o c e d u r e s  neces -  
s a r y  t o  p r o v i d e  young c r a b s  f o r  t e s t i n g  t o l e r a n c e s  t o  v a r y i n g  env i ron-  
m e n t a l  c o n d i t i o n s .  
4 .  Bottom t r a w l s  conducted d u r i n g  t h e  r e s e a r c h  c r u i s e s  w i l l  y i e l d  numerous 
a s s o c i a t e d  v e r t e b r a t e  s p e c i e s .  Each y e a r  a b o u t  500 stomachs w i l l  b e  
c o l l e c t e d  from s e l e c t e d  bot tom f e e d i n g  f i s h  t a k e n  i n  t h e  r e s e a r c h  
t r a w l s .  
5. The stomachs of v e r t e b r a t e s  sanp led  from bot tom t r a w l s  w i l l  be  p re -  
s e r v e d  and t a k e n  t o  t h e  Laborz to ry  f o r  p r o c e s s i n g .  P r o c e s s i n g  w i l l  
c o n s i s t  of i s o l a t i o n  and enumerat ion of  hole o r  p a r t i a l l y  d i g e s t e d  
j u v e n i l e  Dungeness c r a b  and ' d e n t i f i e a t i o n  of c l o s e i y  a s s o c i a t e d  
s p e c i e s .  R e s u l t s  of t h i s  a n a l y s i s  mav y i e l d  u s e f u l  i n f o r m a t i o n  on 
d i s t r i b u t i o n  and p r e d a t i o n  of j u v e n i l e  c r a b .  
6. .  Approximately 7 2  man-days w i l l  b e  r e q u i r e d  t o  a s s e s s  t h e  impact o f  
t h e  l o c a l  s p o r t  f i s h e r y  on n u r s e r y  ground p o p u l a t i o n  numbers. The 
o p e r a t i o n  would c o n s i s t  62 o b s e r v a t i o n s  by t r a i n e d  p e r s o n n e l  of t h e  
s p o r t  f i s h e r y  f o r  c r a b s  i n  San F r a n c i s c o  Bay and San Pablo  Bay. 
7.  A n a l y s i s  of d a t a  emanat ing from t h e  above a c t i v i t i e s  w i l l  t a k e  p l a c e  
c o n t i n u a l l y .  F i e l d  a c t i v i t i e s  may n e c e s s a r i l y  be a l t e r e d  i n  l i g h t  
o f  r e s u l t s  from p r e v i o u s  o p e r a t i o n s .  Time p e r i o d s  w i l l  be s e t  a s i d e  
t o  r u n  s t a t i s t i c a l  a n a l y s i s  on accumulated d a t a ,  t o  deve lop  appro- 
p r i a t e  sampl ing t e c h n i q u e s  snd  t o  d i s c u s s  t r e n d s  g e n e r a t e d  by f i e l d  
o b s e r v a t i o n s .  Data  a n a l y s i s  w i l l  p r i m a r i l y  b e  performed by p r o j e c t  
p e r s o n n e l  w i t h  a s s i s t a n c e  from t h e  Biometries Uni t  a t  lIenlo Park .  
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Work Flow C h a r t  No. 3 
Task D e s c r i p t i o n s :  
1. On c r u i s e s  of Department r e s e a r c h  v e s s e l s  sampl ing f o r  t h e  o c c u r r e n c e  
a d u l t  c r a b s  w i l l  b e  c o n c u r r e n t  w i t h  t h e  p l a n k t o n  and j u v e n i l e  c r a b  
sampling a c t i v i t i e s .  I n  a d d i t i o n  t o  t r a w l  g e a r ,  conmerc ia l  c r a b  t r a p s  
w i l l  b e  used .  The pr imary o t j e c t i v e  of t h i s  sampl ing w i l l  be  t o  g a i n  
i n f o r m a t i o n  on d i s t r i b u t i o n ,  growth i n c r e ~ ~ e n t s ,  r e p r o d u c t i v e  c o n d i t i o n  
and s e x  r a t i o s  of a d u l t  c r a b s .  A d d i t i o n a l  e f f o r t s  nay be expended i n  
o b t a i n i n g  samples  through c o ~ m e r c i a l  c r a b  f i shermen .  
2.  During t h e  egg-bear ing s e a s o n ,  e f f o r t s  of p r o j e c t  p e r s o n n e l  w i l l  be. 
expended t.o c o l l e c t  o v i g e r o u s  female  c r a b s  f o r  egg c u l t u r i n g  e x p e r i -  
ments and egg t i s s u e  a n a l y s i s .  P e r s o n n e l  may be  r e q u i r e d  t o  accompany 
conimercial c r a b  f i shermen  when t h e y  a r e  p u l l i n g  t h e i r  t r a p s  o r  t o  s e t  
and p u l l  Department c r a b  t r a p s .  
3 .  During t h e  mat ing and egg-bear ing s e a s o n s  male and female  c r a b s  w i l l  
h e  observed i n  t h e  l a b o r a t o r y  i n  s t u d i e s  of mat ing ,  r e p r o d u c t i o n ,  and 
b i o l o g i c a l  i n f e s t a t i o n s  of egg  masses .  
4.  An e l e c t r o p h o r e t i c  s t u d y  on c r a b  t i s s u e  t o  d e t e r m i n e  s u b p o p u l a t i o n  
s t r u c t u r e  of t h e  Dungeness c r a b  r e s o u r c e  from Morro Bay t o  Kodiak, 
Alaska was c o n t r a c t e d  f o r  i n  1974-1975. C o l l e c t i o n  and t r a n s p o r t s t i o n  
o f  c r a b s ,  r ev iewing  of r e p o r t s ,  a n a l y s i s  of r e p o r t s  and supp lementa l  
a c t i v i t i e s  w i l l  r e q u i r e  abou t  1 month of p r o j e c t  a c t i o n .  
5. A n a l y s i s  of d a t a  from t h e  above a c t i v i t i e s  w i l l  t a k e  p l a c e  c o n t i n u a l l y .  
A d d i t i o n a l  d a t a  i s  a v a i l a b l e  from l a n d i n g  s t a t i s t i c s  of t h e  3Iarine 
Resources  Region.  Data a n a l y s i s  will be  performed by p r o j e c t  p e r s o n n e l  
w i t h  a s s i s t a n c e  from t h e  Biometries U n i t  a t  Nenlo P a r k .  
U r i  . 
C S O C  
E U  2 
'd G 
0 b 
4-1 . t  
-5 .: 
u 94 
c d4, 
.d k  
rj ri 
M X  e 
QJ *+ 
c m u  
4J Ll 
- PI 
m g e  
a m &  
G 0 
k c 3  
v 0 
.ri a 
+ J U G  
rl .?i cj 
1 -G 
rO d rJ? 
r j o a ,  
U  m  
w .d 
0 0 3 
3 k 
C  -ri 0 
0 U 
.d u C 
+ J 1 u  
u u  k  
a , o a  
4 k G . I  
rl a m  
0 0 0  
V k k  
Work Flow Char t  No. 4 
Task D e s c r i p t i o n s :  
1. H i s t o r i c a l  d a t a  on s e a  s u r f a c e  t e m p e r a t u r e  and s a l i n i t y ,  upwel l ing  and 
c u r r e n t s ,  e t c . ,  th roughout  t h e  c r a b ' s  r a g e  w i l l  be compiled and g raphs  
p r e p a r e d .  The d a t a  w i . 1 1  be  keypunched f o r  computer s t o r a g e  by t h e  
Plenlo Park  Biornetr ics  U n i t .  Var ious  s e t s  of oceanograph ic  d a t a  w i l l  be 
compared w i t h  l a n d i n g s  s t a t i s t i c s  and v a r i o u s  c r a b  l i f e  h i s t o r y  phen- 
omena t o  look  f o r  p o s s i b l e  c o r r e l a t i o n s  w i t h  h i g h  or; low l a n d i n g s  and 
t h e  phys io logy ,  d i s t r i b u t i o n ,  and abundance of c r a b s .  
Ocean w a t e r  t e m p e r a t u r e  and s a l i n i t y  d a t a  w i l l  be  c o l l e c t e d  on a l l  
r e s e a r c h  c r u i s e s .  These wil.1 be compared w i t h  h i s t o r i c a l  d a t a  t o  d e t e r - ,  
mine i f  c o n d i t i o n s  o c c u r r i n g  now a r e  t y p i c a l .  
2 .  Based on i n p u t  from Task 1 above,  and i d e n t i f i c a t i o n  of c r i t i c a l  s t a g e s  
i n  c r a b  l i f e  h i s t o r y ,  l a b o r a t o r y  exper iments  w i l l  be  des igned  and con- 
duc ted  t o  s t u d y  t h e  e f f e c t s  o f  o c e a n i c  p a r a m e t e r s  on  t h e  c r a b ' s  p h y s i o l -  
ogy,  d i s t r i b u t i o n ,  and abundance. T h i s  work w i l l  be  done a t  t h e  Flarine 
C u l t u r e  Labora to ry  by a  p r o j ~ c ~  b i o l o g i s t  w i t h  a s s i s t a n c e  from N a r i n e  
C u l t u r e  Labora to ry  p e r s o n n e l .  I t  w i l l  depend upon a  supp ly  of l a r v a l  
and j u v e n i l e  c r a b s  r e a r e d  by MCL p e r s o n n e l .  Research  a n i a a l s  may b e  
supplemented by c o l l e c t i o n s  on r e s e a r c h  c r u i s e s .  
3 .  Documentation w i l l  be  made of l e v e l s  a n d ( o r )  e f f e c t s  i n  c r a b s  of heavy 
m e t a l s ,  c h l o r i n a t e d  hydrocarbons ,  PCE'S ,  pe t ro leum p r o d u c t s ,  d e t e r g e n t s ,  
c h l o r i n a t i o n  and b i o s t i m u l a t i o n  o f  domes t ic  e f f l u e n t s ,  e t c .  
An ongoing l i t e r a t u r e  s u r v e y  w i l l  c o l l a t e  h i s t o r i c a l  d a t a  and keep 
p r o j e c t  b i o l o g i s t s  aware of c u r r e n t  developments .  
Crab e g g s ,  l n r v a c ,  and t i s s u e  samples  f r o n  400 c r a b s  (100 a d u l t s  
and 100 j u v e n i l e s  each  from San F r a n c i s c o  and Eureka a r e a s )  w i l l  be 
c o l l e c t e d  and p rocessed  f o r  heavy m e t a l  t e s t i n g .  The samples  w i l l  b e  
d i v i d e d  between t h e  V a t e r  P o l l u t i o n  C o n t r o l  and ?loss Landing Marine  
L a b o r a t o r i e s  f o r  t e s t i n g  o f  1 0  heavy m e t a l s  known t o  be  p o t e n t i a l  
env i ronmenta l  t o x i c a n t s .  Comparisons of t h e  r e s u l t s  between t h e  
San F r a n c i s c o  and Eureka a r e a s  w i l l  p r o v i d e  t h e  b a s i s  f o r  f u r t h e r  
l a b o r a t o r y  exper iments  on env i ronmenta l  t o x i c a n t s  i n  c r a b s .  
An a d d i t i o n a l  200 j u v e n i l e  c r a b s  and samples  of eggs  and l a r v a e  
w i l l  b e  p rocessed  f o r  t e s t i n g  f o r  c h l o r i n a t e d  hydrocarbons  and PCB's. 
T e s t i n g  w i l l  be  done a t  t h e  Depar t r rLent ls  P e s t i c i d e  Labora to ry .  
C o n t a c t s  w i l l  b e  made w i t h  a g e n c i e s  working on o t h e r  p a r a m e t e r s .  
Inc luded  a r e  such  a g e n c i e s  a s :  N a t i o n a l  Marine  F i s h e r i e s  S e r v i c e ,  
Tiburon (pe t ro leum p r o d u c t s  and d e t e r g e n t s ) ;  P n i v e r s i t y  of C a l i f o r n i a ,  
S a n i t a r y  Engineer ing  Research  L a b o r a t o r y  ( c h l o r i n a t i o n  and b i o s t i m u l a -  
t i o n  o f  domes t ic  e f f l s e n t s ) ;  Reg iona l  Water Q u a l i t y  C o n t r o l  Boards 
(moni to r ing  and k n o ~ r l e d g e  of w a s t e  o u t f a l l s ) ,  and o t h e r s .  
The f e a s i b i l i t y  of a s p e c i a l  s c i e n t i f i c  c o n t r a c t  t o  s t u d y  e f f e c t s  
of c h l o r i n a t i o n  and domes t ic  sewage c n  l a r v a l  and j u v e n i l e  c r a b s  w i l l  
be  exp lored  w i t h  S a n i t a r y  Engineer ing  Research L a b o r a t o r y ,  u t i l i z i n g  
t h e i r  bay model t a n k s .  
4 .  Based on i n p u t  from Task 3 abcve  and i d e n t i f i c a t i o n  o f  c r i t i c a l  s t a g e s  
i n  t h e  c r a b ' s  l i f e  h i s t o r y ,  l a b o r a t o r y  exper iments  w i l l  b e  d e s i g n e d  
and conducted t o  s t u d y  e f f e c t s  of s u s p e c t  p a r a m e t e r s  o n . a p p r o p r i a t e  
c r a b  s t a g e s .  B ioassays  w i l l  b e  done a t  t h e  Marine  B i c a s s a y  L a b o r a t o r y  
(MBL) by 'a p r o j e c t  b i o l o g i s i  w i t h  a s s i s t a n c e  from MCL and XBL p e r s o n n e l .  
A p p r o p r i a t e  s t u d i e s  w i l l  b e  c ~ o r d i n a t e d  w i t h  o t h e r  a g e n c i e s  wherever 
p o s s i b l e .  
T h i s  r e s e a r c h  v r i l l  d e p e l d  upon a  supp ly  o f  l a r v a l  and j u v e n i l e  
c r a b s  t o  b e  r e a r e d  a t  t h e  ? ia r ine  C u l t u r e  Labora to ry .  The s t u d i e s  may 
b e  supplemented w i t h  c o l l e c t i o n s  from r e s e a r c h  c r u i s e s .  
5.- Data  a n a l y s i s  w i l l  be  ongoing d u r i n g  t h e  p r o j e c t .  P l a n n i n g  and 
implementat ion o f  Tasks 2 and 4 w i l l  depend upon p r e l i m i n a r y  a n a l y s i s  
o f  d a t a  from Tasks  1 and 3. A n a l y s i s  w i l l  be  l a r g e l y  by p r o j e c t  
b i o l o g i s t s ,  b u t  c o n s i d e r a b l e  a s s i s t a n c e  from t h e  Biometries Uni t  b r i l l  
be  n e c e s s a r y .  Computer programs w i l l  be  r u n  t o  a n a l y z e  l a r g e  q u a n t i -  
t i es  of oceanograph ic  and t o x i c a n t  d a t a .  These w i l l  a i d  i n  determin-  
i n g  t h e  need f o r  f u r t h e r  sampl ing ,  and i n  d e s i g n i n g  l a b o r a t o r y  
exper iments  . 
Annual d a t a  rev iew,  a n a l y s i s  and program p l a n n i n g  w i l l  be  done 
t o  keep t h e  p r o j e c t  on c o u r s e .  
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